A new tail cuff method for determining systolic and mean blood pressure in rats was developed based on photoelectric detection of tail arterial blood flow and pulsatile volume oscillation.
Indirect systolic and mean blood pressure measured by this method correlated well with direct systolic and mean blood pressures recorded by a transducer and polygraph after carotid artery cannulation in stroke-resistant spontaneously hypertensive rats (SUR), stroke-prone SUR and normotensive Wistar Kyoto rats. Blood pressures were sharply, and transiently raised for about 1 min when rats were picked up by an investigator to be placed in a hot box or immobilized in a restrainer for measuring blood pressure. Therefore, blood pressures should be measured at least 1 min after the rats are put in a restrainer. This new tail cuff method for measuring blood pressure provides reliable mean blood pressure readings in conscious rats.
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The tail cuff method (Byron & Wilson, 1938; Ben-Ziv et al., 1964) is widely used for recording blood pressure in the rat, especially spontaneously hypertensive rats (SHR) (Okamoto & Aoki, 1963; Okamoto et al., 1974) , but only systolic blood pressure can be detected.
Recently, a new apparatus (UR-IOOO, Ueda Electric Works, Co., Tokyo, Japan) has been developed for determining systolic and mean Received 16 May 1989; accepted 11 April 1990 blood pressure using a photoelectric oscillometric method (Posey et al., 1969; Yamakoshi et al., 1982) . We have used this apparatus to measure blood pressure in stroke-resistant SHR (SHRSR), stroke-prone SHR (SHRSP) and Wi star-Kyoto normotensive rats (WKY). The following 3 points were studied: (1) The correlation of indirect systolic blood pressure measurements obtained by a standard tail-pulse pickup method using Type 105 instrument based on vibration detecting pulsatile tail arterial flow (Yamori et al., 1974) Materials and methods A total of 64 SHRSR, SHRSP and WKY rats, 3-6 months old, selected to give a range of blood pressure levels at different stages of hypertension, were used for indirect blood pressure measurements using the Type-l 05 and UR-IOOO instruments. The tail cuff method was carried out as follows: initially a rat was warmed in a hot box at 38°C for 10 min, and then placed in a restraining apparatus which was also kept at 38°C. The tail was inserted through the cuff which contained a photoelectric pulse detector, and systolic blood pressure was recorded when the first oscillation appeared during the gradual reduction of the cuff pressure. Mean blood pressure was determined from the cuff pressure when the oscillation became maximum. Ten SHRSR, 10 SHRSP and 15 WKY rats were used for the second study. Body weights in these rats were 200-400 g. After anaesthesia (sodium pentobarbital, 5, 2 mg/IOO g of body weight, i.p.), the carotid artery was catheterized with a polyethelene tube (PE 50, Clay Adams). The arterial catheter was connected to a transducer (TP 101 T, Nihonkoden
Co., Tokyo, Japan) and pulsatile arterial pressure was recorded on a polygraph (RM 45, Nihonkoden). Both direct arterial pressure from the carotid artery and indirect tail pressure using the DR-IOOO were simultaneously recorded on the polygraph after rats became conscious.
Results
There was a significant correlation r = O' 970 P<O·Ol between systolic blood pressure measured by the tail-pulse pickup method using the Type-l05 and by the photoelectric volume oscillometric method using the DR-lOoo. (Table 1) .
There was a significant correlation between the direct and indirect systolic and mean blood pressures determined by the DR-IOOO. The regression coefficients were a = 2 . 828, b = 0·942 for the systolic blood pressure, a = O·669, Ikeda, Nara & Yamori b = 0,935 for the mean blood pressure (Fig. 1 ).
The quantity a and b for systolic and mean blood pressure were not significantly different from zero and one, respectively. Mean variances of systolic and mean blood pressures measured by the direct and indirect method were not significantly different. There was no significant difference between the direct and indirect systolic and the direct and indirect mean blood pressures in SHRSR. SHRSP. and WKY rats with the exception of the mean blood pressure in WKY rats (Tables 2 & 3) . The directly measured blood pressure rose sharply for a short time in SHRSR. SHRSP and WKY rats when they were picked up by the investigator to be put into a hot box or placed in a restrainer for the measurement of blood pressure. This rise in blood pressure was maintained for 72 ± 7 s (mean ± SO) on average (n = 30) and then returned to the initial level. Direct arterial systolic blood pressures measured before and after warming at 38°C for 10 min followed by restraint were ]98 ± 8 and 188± 7 mmHg, and mean blood pressures were 161± 6 and 150± 5 mmHg, respectively.
Discussion
The tail cuff method for measuring blood pressure is commonly used in the rat, but changes in blood pressure induced by the process for measuring blood pressure have not been examined. We observed a sharp but transient rise in blood pressure for at least 1min when a rat was handled by an investigator and placed in a restrainer. This indicates blood pressure should be measured at least 1min after the rat was placed in a restrainer, and also demonstrates that blood pressures in rats vary in response to environmental conditions and stress readily changes the blood pressure of conscious rats.
Systolic blood pressures measured by UR-lOOO showed a significant correlation with systolic blood pressures using the Type-] 05 instrument. However, systolic blood pressure obtained with the Type-105 tended to be lower than with the UR-lOOO. The lower values may be caused by differences in pulse detection of the UR-lOOOand Type-105. Both systolic and mean blood pressures determined by the UR-IOOOcorrelated well with those obtained by direct measurement in SHRSR, SHRSP and WKY rats. There was no significant difference between direct systolic and mean blood pressures before and after warming with restraint for indirect systolic and mean blood pressure measurement by DR-IOOO, in the SHRSR, SHRSP <?rWKY rats. Diastolic blood pressure is considered to be of importance in human cardiovascular disease but only systolic blood pressures have been detected in the rat using previously available apparatus, such as the Type-lOS. In this study, indirect systolic and mean blood pressures in SHRSR, SHRSP and WKY were determined for the first time using a new photoelectric volume oscillometric method. The method is reliable and useful for the repeated indirect determination of systolic and mean blood pressures in the rat in chronic studies.
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